Abstract. BACKGROUND: Vertigo and dizziness are among the most prevalent symptoms in neurologic disorders. Although many of these patients suffer from postural instability and gait disturbances, there is only limited data on their risk of falling. METHODS: We conducted a controlled cross-sectional study at the tertiary care outpatient clinic of the German Center for Vertigo and Balance Disorders using a self-administered questionnaire to assess falls, fall-related injuries, and fear of falling. The recruitment period was 6 months. RESULTS: A total of 569 patients (mean age 59.6 ± 17.1 years, 55% females) and 100 healthy participants were included (response rate > 90%). Dizzy patients with central balance disorders (Parkinsonian, cerebellar, and brainstem oculomotor syndromes) had the highest fall rates (> 50% recurrent fallers, odds ratio > 10). The rate of recurrent fallers was 30% in bilateral vestibular failure and peripheral neuropathy (odds ratio > 5). Patients with functional dizziness (somatoform or phobic vertigo) were concerned about falling but did not fall more often than healthy controls (odds ratio 0.87). CONCLUSION: Falls are common in patients presenting to a dizziness unit. Those with central syndromes are at risk of recurrent and injurious falling. Fall rates and fear of falling should be assessed in balance disorders and used to guide the regimen of rehabilitation therapy. The identification of risk factors would help provide protective measures to these groups of patients.
Introduction
Falling is a frequent complication among the elderly. It not only causes medical and social impairments, such as fall-related injuries and loss of independence, but it also induces fear of falling which can result in a substantial decline in quality of life [38] . A metaanalysis found that vertigo, gait problems, and Parkin-son's disease are among the strongest risk factors for falls in community-dwelling seniors [6] . Similarly, a recently published study on falls in neurological outpatients showed an annual fall incidence of 30% in patients presenting with vertigo, 55% in patients with peripheral neuropathy, and 77% in patients with Parkinson's disease [18] . The risk of falling was more than three, six, and even 17 times higher than in healthy persons [18] .
Vertigo can be caused by a variety of disorders, mostly arising from the peripheral and central vestibular systems. Some of these disorders are known to cause falls, e.g., spinocerebellar ataxias and peripheral vestibular hypofunction [8, 17] . However, clinical ex-perience in the German Center for Vertigo and Balance Disorders suggests that problems related to mobility like falling, tripping, and fall-related fears are found in a much wider spectrum of disorders. Comparable data on the occurrence and consequences of falls in the different groups of disorders is of great clinical importance for detecting those patients who require assessment and treatment for falls in clinical practice. Furthermore, disease-specific risk factors could then be derived to develop and implement the targeted prevention strategies.
The goal of this study was to identify the fall risk within the whole spectrum of patients who present to a tertiary outpatient dizziness clinic. In particular, we aimed to 1) investigate the prevalence of recurrent and severe fallers, 2) derive fall risk estimates, and 3) examine the degree of fear of falling according to disease-specific groups of patients with central, peripheral, and functional balance disorders. We hypothesized that the risk of falls gradually decreases from central through peripheral to functional disorders and that fear of falling affects the majority of dizzy patients.
Methods

Setting
A controlled cross-sectional study was conducted at the tertiary care outpatient clinic of the German Center for Vertigo and Balance Disorders (DSGZ). The DSGZ is part of the University hospital of the LudwigMaximilians University of Munich.
Participants
Between April and September 2013, all patients over 18 years presenting at the outpatient clinic were asked to participate in the study. The patients underwent a neurological examination with a structured medical history. Instrumental diagnostic tests were applied depending on the presentation and (suspected) diagnosis. Sociodemographic and clinical characteristics, medical diagnoses and onset of disease were retrieved from the medical records. According to the final diagnosis after complete clinical assessment, patients were assigned to one of the following diseasespecific groups: (1) unilateral vestibular disorders including unilateral vestibular hypofunction (difference of 25% in slow phase eye velocity between right and left sides on the caloric tests using the Jongkees's formula), benign paroxysmal positional vertigo (BPPV), Menière's disease (at least "probable" according to the American Academy of Otolaryngology-Head and Neck Surgery [24] ), vestibular paroxysmia (at least "probable" according to Hüfner et al. [19] , and perilymphatic fistula; (2) bilateral vestibular failure (< 5
• /sec of slow phase eye velocity in response to bithermal caloric tests in all four tests and a bilateral pathological head-impulse test); (3) peripheral neuropathy (reduced vibrotactile thresholds of < 4/8 using a 64-Hz tuning fork at the lateral malleolus and absent ankle jerk reflexes); (4) combined peripheral disorders (unilateral/bilateral vestibular loss and peripheral neuropathy); (5) cerebellar disorder (cerebellar ataxia and/or cerebellar oculomotor disturbance; scale for the assessment and rating of ataxia = SARA 2); (6) brainstem ocular motor disorders (pathological central nystagmus, horizontal or vertical gaze palsy, hypermetric saccades, internuclear ophthalmoplegia); (7) vestibular migraine (at least "probable" according to Lempert et al. [23] ; (8) Parkinsonian syndromes including Parkinson's disease, progressive supranuclear palsy (PSP), multisystem atrophy (MSA), corticobasal degeneration (CBD), dementia with Lewy bodies; and (9) functional dizziness (according to Brandt et al. [4] ). Patients were excluded in case of insufficient information from medical records, a diagnosis that could not be allocated to one of the groups, two or more differential diagnoses, concomitant orthopedic/neurological disease with motor impairment, or non-ambulatory status.
Healthy controls were recruited among accompanying persons at the outpatient clinic. All healthy participants needed to be over 18 years old. They underwent a structured interview about the presence of any vertigo or balance disorder, neurological or orthopedic disorder that affected balance, and subjective feelings of vertigo, dizziness, or unstable gait. If any were reported, the person was excluded from the study.
Participation in the study was voluntary. All participants gave their informed written consent before enrolling in the study. The study protocol was approved by the local Ethics Committee of the University Hospital of Munich (LMU) and was therefore performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments.
Survey instrument
A self-administered questionnaire was used to collect information on the frequency and severity of falls as well as fear of falling. The medical staff were trained to assist in filling out the questionnaire, if required (e.g., in case of comprehension difficulties, poor vision).
A fall was defined as an unexpected event in which the participant comes to rest on the ground, floor, or lower level [22] . A near-fall was defined as a slip, trip, or loss of balance without a fall to the ground or lower level [5] .
In the first section of the questionnaire, patients and healthy controls were asked whether they had experienced near-falls and falls within the previous 12 months, and if they answered yes, how many. There were five response options for each of the two types of fall events (near-falls and falls): 1) none, 2) one, 3) two, 4) three to five, 5) more than five. Patients were also asked whether any near-falls and falls had occurred since the onset of their disease-specific symptoms. The participants were then asked to specify how many of the falls within the previous year resulted in 1) no injury, 2) a minor injury like bruises or abrasions requiring no medical attention, 3) a moderate injury like wounds, bruises, sprains, cuts or abrasions requiring medical attention without admission to the hospital and 4) a serious injury like fractures, head or internal injuries requiring hospital admission. The injury categories were defined according to Schwenk and colleagues [34] . In the second section, the 16-item Falls Efficacy Scale-International (FES-I) was used to assess fear of falling [11, 36] . FES-I scores between 16 and 19 were considered low, scores between 20 and 28 moderate, and scores between 29 and 64 pronounced concern of falling [7] .
Outcome classification
Frequency of falls was categorized by assigning the participants to four different groups. Participants were classified as "non-fallers" if they had not fallen at all, "single fallers" if they had fallen once, "recurrent fallers" if they had experienced two or more falls, and "frequent fallers" if they reported more than five falls during the previous 12 months. Data on near-falls was only considered for the analysis of fall severity, since the number of near-falls is assumed to be strongly affected by recall bias.
Severity of falls was categorized according to the Hopkins Falls Grading Scale [5] by allocating the participants to five groups: 1) non-fallers reporting neither near-falls nor falls, 2) near-fallers reporting near-falls but no falls (Grade 1), 3) fallers reporting falls that required no medical attention (Grade 2), 4) fallers reporting falls that required medical attention but no admission to the hospital (Grade 3), and 5) fallers reporting falls that required admission to the hospital (Grade 4). Grades 3-and 4-fallers were further designated "severe fallers".
Data analysis
Each eligible patient was allocated to one of the disease-specific groups according to her/his medical diagnosis. Sociodemographic and clinical characteristics were then descriptively summarized. One-way ANOVA with post-hoc comparisons and Chi square tests were used to test differences in metric and categorical characteristics between the groups.
Proportions of fallers were calculated according to fall frequency (single, recurrent, and frequent) and fall severity (Grades 1, 2, 3 and 4). Logistic regression analysis was then performed to calculate age-and gender-adjusted odds ratios (95% CI) for being a recurrent and severe faller. Only patients with disease duration of 12 months were included for the fall prevalence and risk estimation to account for the 1-year observation interval.
FES-I data were summarized as median scores with upper/lower quartiles. The Kruskal-Wallis H test was used to evaluate whether there was a difference in FES-I scores between healthy participants and the diseasespecific groups. Post-hoc comparisons using MannWhitney U tests with Bonferroni correction determined individual differences between the groups. In addition, the effect of older age ( 65 years) on FES-I scores was tested by Mann-Whitney U tests. The nonparametric testing procedure was chosen because FES-I scores were not normally distributed.
Subgroup analyses were conducted within the groups of central disorders and in unilateral vestibular disorders. Differences in the proportions of recurrent and severe fallers were tested using Chi square tests, and differences in the FES-I scores were evaluated by Mann-Whitney U tests and the Kruskal-Wallis H test, respectively. First, patients with Parkinsonian syndromes, cerebellar, and brainstem oculomotor disorders presenting with a concomitant peripheral sensory deficit (e.g., peripheral neuropathy) were allocated to the group of the respective central disorder. This approach was selected for two reasons: 1) to avoid very small group sizes and 2) because the central deficit was hypothesized to be the predominant cause of falling. Subgroups of central disorders with and without the presence of a concomitant peripheral deficit were compared. Second, the group of cerebellar disorders comprised patients with and without gait ataxia. Differences between these two subgroups were tested. Third, the group of unilateral vestibular disorders included unilateral hypofunction, benign paroxysmal positional vertigo, Menière's disease, vestibular paroxysmia and perilymphatic fistula. As there was only one patient with perilymphatic fistula, this disorder was not a separate subgroup. Differences were evaluated between the remaining four subgroups.
Results were considered significant if p < 0.05. All data were double-entered in an Excel database and analyzed using the SPSS statistical software package 20 (Chicago, IL, USA).
Results
A total of 862 patients and 114 healthy participants were recruited; 63 patients and 11 healthy participants declined to participate in the study (response rate 92.1% and 90.4%, respectively). Two hundred and thirty patients were excluded due to insufficient information from the medical records (n = 27), a diagnosis that could not be allocated to one of the disease groups (n = 122), or two or more differential diagnoses (n = 81). Three of the healthy participants reported symptoms of gait disturbances or vertigo; they were also excluded. Finally, 569 patients and 100 healthy participants were included in the analysis. Table 1 shows the disease-specific grouping of the patient cohort and the distribution of medical diagnoses within the groups. Central, peripheral, and functional disorders contributed about one third each to the patient cohort. Sociodemographic and clinical characteristics are presented in Table 2 . Patients with Parkinsonian or combined peripheral disorders were significantly older, whereas patients with vestibular migraine were significantly younger than the healthy participants (p < 0.05). Patients with functional dizziness and those with vestibular migraine were significantly younger than the other patient groups (p < 0.05). There were no differences in disease duration between the patient groups.
Fall prevalence and risk of falling
Patients with central disorders showed the highest annual prevalence of recurrent falls (except vestibular migraine), and almost 30% of the patients with cerebellar disorders had fallen more than 5 times within the preceding year (Fig. 1) . The fall status of patients with functional dizziness and vestibular migraine was similar to that of the healthy participants. Near-falls happened to more than 50% of the patients and healthy participants, but injurious falls predominantly occurred in Parkinsonian and cerebellar disorders (Fig. 2) . Almost 25% of the patients with Parkinsonian syndromes required inpatient treatment due to a fall-related injury. Table 3 presents the risk estimates for recurrent and severe falling. The risk of recurrent falls was greatly increased in Parkinsonian, cerebellar, and brainstem ocular motor disorders and moderately increased in peripheral disorders. Only patients with Parkinsonian and cerebellar disorders were at risk of severe falls. Risk estimates remained pretty much the same after adjusting for age and gender. Older age was an independent risk factor for both fall categories. • 18-44, n (%)
• 45-64, n (%)
• 65, n (%) -"Cardiovascular" includes chronic heart disease; "orthopedic" includes a history of orthopedic disease (e.g., hip replacement) without any motor impairment; "neurologic" includes a history of neurological disease (e.g., TIA, stroke) without any current motor or cognitive impairment. Abbreviations: BOD -brainstem ocular motor disorders, BVF -bilateral vestibular failure, CD -cerebellar disorders, CPD -combined peripheral disorders, FD -functional dizziness, HP -healthy participants, PS -Parkinsonian syndromes, PNP -peripheral neuropathy, VM -vestibular migraine, UVD -unilateral vestibular disorders.
Fear of falling
FES-I scores are presented in Fig. 3A . The KruskalWallis H test showed significant differences between the groups (H(9) = 150.998, p = 0.000). Post-hoc analysis revealed that patients with central disorders (except vestibular migraine), peripheral disorders (except bilateral vestibular failure), and functional dizziness were significantly more concerned about falling than healthy participants (p < 0.006). Moreover, patients with Parkinsonian and cerebellar disorders showed significantly higher FES-I scores than patients with unilateral vestibular disorders or functional dizziness (p < 0.006). Older age was significantly associated with higher FES-I scores in patients with functional dizziness and most groups of peripheral disorders (p < 0.05, Fig. 3B ). ripheral deficit (peripheral neuropathy and/or peripheral vestibular impairment, Table 2 ). Chi square tests for each of the three groups showed no significant differences in the proportions of recurrent and severe fallers. Similarly, Mann-Whitney U tests revealed no significant differences in the median scores of the FES-I. The majority of disease-specific groups showed higher FES-I scores than the group of healthy participants ( * * p < 0.006). B) Results stratified by age, < 65 years (light gray), 65 years (dark gray). In patients with functional and most peripheral disorders, older age increased the level of concern, whereas in patients with central disorders, age had no impact on the level of concern ( * p < 0.05). Abbreviations: BOD -brainstem ocular motor disorders, BVF -bilateral vestibular failure, CDcerebellar disorders, CPD -combined peripheral disorders, FD -functional dizziness, HP -healthy participants, PS -Parkinsonian syndromes, PNP -peripheral neuropathy, VM -vestibular migraine, UVD -unilateral vestibular disorders.
Subgroup analyses
Central disorders with and without concomitant peripheral deficits
Cerebellar disorders with and without gait ataxia
vere fallers nor the median FES-I scores differed significantly between cerebellar patients with and without gait ataxia.
Subgroups of unilateral vestibular disorders
The proportions of recurrent fallers varied between 17 and 22% and the proportions of severe fallers ranged from 8 to 14%, with Menière's disease showing the lowest and unilateral vestibular hypofunction showing the highest percentage of fallers. Chi square tests detected no significant differences in the proportions of recurrent and severe fallers between the subgroups of Menière's disease, benign paroxysmal positional vertigo, unilateral vestibular hypofunction, or vestibular paroxysmia. Median FES-I scores varied between 20 and 25 points. The subgroup of unilateral vestibular hypofunction showed the highest, and the subgroup of vestibular paroxysmia showed the lowest FES-I values. The Kruskal-Wallis H test found no significant differences in the median FES-I scores between the subgroups.
Discussion
This is the first study on falls in a large cohort of patients who presented with key symptoms of vertigo Table 3 Results of two logistic regression models. Analysis of the associations between the groups, age, gender and a) recurrent falling* and b) severe falling * * and dizziness. Besides faller rates and risk estimates, the study provides data on fear of falling in patients with vertigo and balance disorders. The major findings of this study are: 1) Patients with central balance disorders are at a high risk of falls and are greatly concerned about falling (except patients with vestibular migraine). 2) Patients with peripheral sensory balance disorders are at a moderate risk of falls. Fear of falling is high in peripheral neuropathy but lower in peripheral vestibular disturbances. 3) Patients with functional dizziness are concerned about falling, although the actual fall rate is low.
Recurrent falling
Falls in dizzy patients with central balance disorders
In Parkinsonian, cerebellar and brainstem oculomotor ocular motor disorders, more than half of the patients experienced recurrent falls and more than 60% had fallen at least once. Similarly, high rates of fallers were found in previous work. Prospective data from the EuroSCA cohort showed that 85% of patients with spinocerebellar ataxias fell at least once a year [8] . A total 93% of patients with degenerative ataxias reported a history of falls within the previous year, and 50% experienced falls during a prospective 3-month interval [37] . A systematic review of Parkinson's disease showed that the prevalence of recurrent falls varies between 18 and 65%, mainly depending upon disease severity [3] . Within the spectrum of Parkinsonian syndromes, 77% of the patients fell during the course of the disease, ranging from 73% in Parkinson's disease to almost 100% in progressive supranuclear palsy and corticobasal degeneration [39] . The present study suggests that the risk of falls is similarly increased in patients with cerebellar disorders and basal ganglia movement disorders. Furthermore, patients with a downbeat nystagmus syndrome and other central vestibulo-ocular motor disturbances carry the same high risk of falls as patients with cerebellar ataxias.
Patients with Parkinsonian and cerebellar disorders were most prone to injurious falls, many of which required medical attention. Previous studies reported injurious falls in 25% of patients with Parkinson's disease within 3 months [28] and in 50% of patients with spinocerebellar ataxias within 1 year [8] . Difficulties while turning were found to specifically increase the risk of fall-related injuries in elderly people [27] . Impaired turning is a common feature in cerebellar ataxias [26, 35] and Parkinson's disease [1, 2] , and may well also be a predictor for injurious falls in these patients. General preventive strategies for elderly people, such as reducing environmental hazards at home, wearing protective clothing and performing balance training [20] , should be recommended to patients with central balance disorders. Beyond that, disease-specific fall prevention studies are necessary to decrease the risk of injuries.
Fear of falling was very pronounced in patients with central disorders. This is of clinical importance because falls and fear of falling were found to mutually reinforce each other, i.e., fear of falling can lead to an increased number of falls and vice versa [3, 9] . Therefore, assessing fall-related anxiety and offering targeted coping interventions should be part of managing falls in these patients.
Falls in dizzy patients with peripheral sensory disorders
About one quarter of the patients with peripheral disorders were recurrent fallers, and at least one fall happened in about 40%. This is widely consistent with epidemiologic data from previous research. In peripheral vestibular hypofunction, 30% of the patients with a unilateral and 50% with a bilateral hypofunction had fallen since the onset of the disease [17] . A prospective trial on falls in peripheral neuropathy revealed that 40% of the patients experienced recurrent falls in a 12-month period [29] . The present study additionally proposes that falls occur in unilateral vestibular hypofunction, benign paroxysmal vertigo, Menière's disease, and vestibular paroxysmia alike. Moreover, faller rates and respective risk estimates are similar in patients with bilateral vestibular failure, peripheral neuropathy, and combined peripheral disorders.
Fear of falling was high in patients with peripheral neuropathy, suggesting a severe reduction in balance confidence due to the deficient sensory feedback from the lower legs. Patients with vestibular disturbances seemed to be less affected by fear of falls. However, older age was found to seriously increase the level of fall-related anxiety. Therefore, strategies to assess fallrelated fear and promote balance confidence should be considered when treating peripheral neuropathy and elderly patients with vestibular disorders.
Falls in functional dizziness
Patients with functional dizziness were moderately concerned about falling despite the low fall preva-lence. Gait changes, mainly a reduction in gait velocity, were found to be associated with fear of falling in phobic postural vertigo [30] . Based on these findings, prospective studies should investigate whether gait abnormalities can predict the emergence of fear of falling or vice versa and whether targeted gait training or cognitive-behavioral strategies effectively reduce fallrelated anxiety in functional dizziness.
Study limitations
First, the assessment of fall events was retrospective and self-reported. This could have introduced recall bias resulting in an underestimation of the true faller rates [25] . Second, the recruitment procedure determined the sample size of the patient cohort. Therefore, some of the disease-specific groups provide only small sample sizes, particularly the groups peripheral neuropathy, bilateral vestibular failure, combined peripheral disorders, and brainstem ocular motor disorders. This may have affected the precision of prevalence and risk estimates as well as the statistical testing to detect group differences. Nevertheless, the results of this study show good consistency with data from previous studies (as described above) and provide the source information for designing prospective studies on the epidemiology and prevention of falls in disease-specific groups of patients with vertigo and balance disorders.
Consequences for the care of dizzy patients
Falls are alarmingly prevalent in patients with central balance disorders and, to a lesser extent, in patients with peripheral balance disorders. Fear of falling can manifest over the whole spectrum of disorders, including functional dizziness. Assessing, monitoring, and preventing falls and related fears needs to be integrated in the clinical management of vertigo and balance complaints. A practical approach is described within a guideline on multifactorial fall assessment [21] . Fall risk is strongly linked to gait problems [10] . One common gait characteristic in patients with bilateral vestibular failure, peripheral neuropathy, cerebellar ataxia, downbeat nystagmus syndrome, or Parkinson's disease is increased gait variability [16, 31, 32, 40] . This parameter was not only found to increase fall risk in the elderly [12] [13] [14] but also in cerebellar ataxias [33] , peripheral neuropathy [40] , and Parkinson's disease [15] . It, therefore, may serve as a useful measure for identifying future fallers within these patient groups. Prospective studies are needed to investigate such potential disease-specific risk factors, on the basis of which targeted fall prevention concepts could be developed.
